abstract: Recently, in 2003, Caldas et al. [1] introduced the notions of Λ δ -T i and Λ δ -R i topological spaces for i = 1, 2 as a version of the known notions of T i and R i (i = 1, 2) topological spaces [8] and [2] . In this paper, we extend Λ δ -T i and Λ δ -R i to bitopological spaces for i = 1, 2 and define the notions of pairwise Λ δ -T i and Λ δ -R i bitopological spaces for i = 1, 2. In this context, we study some of the fundamental properties of such spaces. Moreover, we investigate their relationship to some other known separation axioms.
Introduction
The concept of bitopological spaces was introduced by Kelly [3] in 1963. In 1943, Shanin [8] introduced the separation axioms R 0 and R 1 in topological spaces. Murdeshwar and Naimpally [ [5] , Definition 6.9 and Definition 6.11] offered the notions pairwise R 0 and pairwise R 1 bitopological spaces. Recently, Caldas et al. [1] introduced the notions of Λ δ -T 0 , Λ δ -T 1 , Λ δ -R 0 and Λ δ -R 1 topological spaces as a version of the known notions of R 0 and R 1 topological spaces. In this paper, we offer the pairwise versions of Λ δ -T 0 , Λ δ -T 1 , Λ δ -R 0 and Λ δ -R 1 in bitopological spaces and investigate their fundamental properties.
Throughout the present paper, the space (X, τ 1 , τ 2 ) always means a bitopological space on which no separation axioms are assumed unless explicitly stated. For a subset A of a bitopological space (X, τ 1 , τ 2 ), τ i -Cl(A) (resp. τ i -Int(A)) denotes the closure (resp. interior) of A with respect to τ i for i = 1, 2. The complement of A is denoted by A c (= X \ A). 
Lemma 2.1. Let A and B be subsets of a space (X,
closure where i, j = 1, 2 and i = j , the following properties hold.
where i, j = 1, 2 and i = j.
Lemma 2.3. For any two subsets
, where i, j = 1, 2 and i = j.
The converse is similarly shown. 
Proof. Sufficiency: Suppose that x, y ∈ X, x = y and {x}
, where i, j = 1, 2 and i = j. And this contradicts the fact that z / ∈ {y}
to which y does not belong. Necessity: Let (X, τ 1 , τ 2 ) be a pairwise Λ δ -T 0 space and x, y be any two distinct points of X. There exists a (
Proof. Suppose that (X, τ 1 , τ 2 ) is pairwise Λ δ -T 1 and x be any point of X. Let y ∈ {x} c . Then x = y and so there exists a (
, where i, j = 1, 2 and i = j. 
This implies that the complement of {x} (Λ,δ)(τi,τj ) contains y. Therefore, the set {y} is a subset of the complement of {x} (Λ,δ)(τi,τj ) . This implies that {y} (Λ,δ)(τj ,τi) is a subset of the complement of {x} (Λ,δ)(τ i ,τ j ) . Now the complement of {x} (Λ,δ)(τ i ,τ j ) contains x which is a contradiction.
Conversely, suppose that {x} 
Proof. By Corollary 2.13 and Remark 2.6, it suffices to prove only (1) ⇒ (2). Let x = y and by pairwise Λ δ -T 0 , we may assume that x ∈ G 1 ⊂ {y} c for some
Theorem 2.17. For a pairwise Λ δ -symmetric space (X, τ 1 , τ 2 ) the following are equivalent:
Proof. 
Pairwise
Proposition 3.1. In a space (X, τ 1 , τ 2 ) the following statements are equivalent:
is not a subset of X \ {y} (Λ,δ)(τ 2 ,τ 1 ) since this is a contradiction. Hence for each pair x, y of distinct points in X, {x}
is not a subset of U . So there is a point y ∈ {x} (Λ,δ)(τ2,τ1) such that y / ∈ U and
Theorem 3.3. In a space (X, τ 1 , τ 2 ), the following statements are equivalent:
On the other hand, suppose that there exists a ( 
∈ F 2 and y / ∈ F 1 . Therefore, x ∈ X \ F 2 = U ∈ Λ δ O(X, τ j , τ i ) and y ∈ X \ F 1 = V ∈ Λ δ O(X, τ i , τ j ) which implies that {x} (Λ,δ)(τ i ,τ j ) ⊂ U , {y} (Λ,δ)(τ j ,τ i ) ⊂ V and U ∩ V = ∅, where i, j = 1, 2 and i = j. Hence (X, τ 1 , τ 2 ) is pairwise Λ δ -R 0 .
